The warming trend of the last 1 000 years is comparable in magnitude to the mid-Holocene warm pnase.
The stable hydrogen isotope composition [expressed as 6D values (] )] of plant materials has been used to infer paleoclimatic conditions (2) . These studies rely on the demonstrable link between the 6D of a single plant component, namely the carbon-bound hydrogen of cellulose, and the 6D of water used by the plants during their growth. Because the wacer used by plants is mostly the local meteoric water and the 6D of local meteoric water correlates with local mean annual temperature, the ED of cellulose can be translated into climatic factors. In many instances, however, even young sedimentary systems contain negligible amounts of plant remains that can be isolated for this rype of study. Extractable sedimentary organic matter, on the other hand, can be found in a wide variety of geologic environments.
Here we report the paleoclimatic information obtained from organic matter (kerogen) extracted from a lake core from southwestern Michigan, analyzed for bD by di-R. V. Krishnamurthy and K. A. Syrup gestion of the sediments with hydrofluoric and hydrochloric acids (3) . This procedure is essential to make sure that other hydrogen-containing phases, mostly inorganic minerals, are removed. We assume that (i) the kerogen in lake sediments originates from photosynthesizing aquatic plant biomass that grew in the lake and (ii) that the source of hydrogen for these plants was the local meteoric water recharging the lake. If the 6D of kerogen does indeed contain climate information, the scope of its applit cability is enormous because kerogen can commonly be extracted from a variety of sediments.
An -4-m-long core was raised in 1993 from Austin Lake in Kalamazoo (42.10"N, 85.30'\il) , southwesrern Michigan (Fig. 1) . This lake is typical of the several "kettle" lakes in the region that were formed by the melting of a mass or masses of ice isolated from the glacier (4). Ar 4.5 km2, Austin Lake is a relatively large lake for this region and has extensive aquatic vegetation. The sediments are relatively rich in organic carbon (up to Z0 weight o/o on a carbonate-free basis), the source of which must be vegetation in the lake because the lake is isolated from other possible sources of organic matter such as wetlands, streams, and rivers. The lake receives its recharge almost entire-SCIENCE , YOL,269 . 15 SEPTEMBER 1995 ly from direct precipitation and is a point of recharge for adjacent ground water. The H/C ratio ( Fig. 2 ) and the bD values ( Fig. 3 ) of rhe kerogen samples as a function of age show that lack of significant longterm trends in H/C and bD with age supports the contention that the ED variations are not related to diagenesis (5) . The 6D data can be subdivided into four phases (Table 1 and Fig. 3 ).
The hydrogen isotope ratio ofkerogen in lake sediments with substantial primary productivity reflects the hydrogen of plants that eventually form the source material for sedimentary organic matter. There is ample evidence that the hydrogen in plants is almost entirely derived from the source water, the local precipitation in most cases (2) . In the present case, we examined .if this was true for these lake samples by comparing the ED of kerogen extracted from the top of the core with the 6D of environmental water. The ED of kerogen extracted from the surface sample from the top of the core was -80 per mil. For the hydrogen isotope fractionation between the nonexchangeable hydrogen in cellulose extracted from aquatic plants and their environmental water, the 6D of the environmental water out of which the lake kerogen was generated should be around -54 per mil (6) . The one analysis of lake water collected on a windy, spring day gave a more positive value than this (-40 per rnil), whereas the mean of several local ground-water sarnples gave a value of -53 'r 4 per mil. The ground waters probably represent a better average of the lake water because, as mentioned earlier, the adjacent gror-rnd waters are recharged by water from this lake. Moreover, the weighted annual mean 6D of precipitation in Kalamazoo is -57 per mil, on the basis of an analysis of every individual precipitation that fell in the area for the year between June 1992 and June 1993 (7) (Fie. 4). The one rreasurement of actual lake water may have been on a sample subjected to excessive surficial evaooration.
A relation between the ED of kerogen and the 6D of local meteoric water, similar to that between the 6D of cellulose of aquatic plants and local meteoric water, is indeed intriguing because in the latter case the comparison was made on the basis of the carbon-bound hydrogen of a single component, namely cellulose. There are two possible explanations: (i) The 6D of HF-HCI residue approximates the 6D of cellulose carbon-bound hydrogen, and interference from any exchangeable hydrogen in the residue, perhaps up to 10o/o, is minimized by the identical experimental conditions of extraction of the residues, or (ii) it is a fortuitous coincidence that deserves more detailed studies from this and other lakes. Given the close relation between 6D in the kerogen and 6D of local meteoric water, the variations observed downcore can be translated into temporal variations in che ED of local meteoric water. The mean annual 6D of precipitation in midlatitudes varies by 4 to 6 per mil "C-r (8). Our own measurements of DD in precipitation in Kalarnazoo, covering one year's samples, gave a temperatlrre coefficient of 4.5 per rnil oC-t, a reasonable value in view of the shorter sarnpling interval. The temperature coefficient for the nonexchangeable hydrogen in cellulose is similar to the longterm precipitation values at -7 to 8 per rnil "C-l (2). If these are extrapolared ro our results, the -32 per mil increase in the ED at 8500 years B.P. (Fig. 3 ) would correspond to a temperature increase in the region of -5o to 7"C. Likewise, the decrease bv -54
per mil around -2000 years B.P. would correspond to a cooling by -7" to 12'C. The subsequent increase by -75 per mil around 1200 years B.P. suggests an increase in temperature by -4' to 6oC. Sirnilarly, Dorale et al. (9) used oxygen isotope ratios of speleothems from the Cold \Uater Cave in northeast lowa to infer that there was a rapid warming of 3"C around 5900 years B.P. and a cooling by 4"C at 3600 years B.P. Prairie was dominant in central lowa between 8000 to 3000 years B.P., and the climate was drier during this time than it is in the present (10) . Other evidence for warm, dry climates in Ohio, Indiana, Minnesota. South Dakota. and other interior northwestern American regions during the mid-Holocene comes from palynological studies ( I I ). The cold climate that followed the mid-Holocene warm phase was also inferred in some other regions of the country, for example, Minnesota and the White Mountains in New Hampshire (12) . The magnitude of temperature changes deduced from our hydrogen isotope record is likelv an overestirnate. The 6D of cellulose and of kerogen co,"rld reflect the influence of atmospheric processes that affect the 6D of local precipittrtion. The annual 6D distribution in Kalarnazoo precipitation (Fig. 4) shows a strong seasonality: summer precipitation is isotopically heavier than winter precipitation because of :r combination of the influences c-rf ternperature and the history of the air masses. Today moisture in the study area originates principally from warm air masses from the Gulf of Mexico, maritime air masses frorn the Pacific and Atlantic, and cold, dry air masses frorn the Canadian Arctic (,l3). It is likely that sr.rperimposed on the temperature increase during the mid-Holocene there were changes in the relative importance of various air masses bringing precipitation to this region. Rain derived from air masses originating in the Gulf of Mexico, which make up at least 600/o o( the air flow during the summer months, are also isotopically high (6D : -35 per mi[) (7) . Therefore, if the mid-Holocene warm episode was characterized by longer summers associated with an intensified water-vapor transport from the Gulf of Mexico and shorter, drier winters, a simple mechanism is available to produce local meteoric water and thus organic matter in the lake with higher 6D values (10, 14) .
Feng and Epstein, studying 6D values from a bristlecone pine, argue that except for a brief warming around 7000 years 8.P., the region around the White Mountains in California has been cooling ( I5). Curiously, their isotope record also points to cooling by -7'C, although they caution that the actual temperature effect is close to 3o, the rest being an effect related to variations in the history of air masses.
If valid, the contrasting trends in climate between the midwestern and western United States can be reconciled by examining present-day weather systems and how climate is influenced by the position of the jet stream. \Thenever the midwestern regions lie on a high-pressure ridge, drawing in warm moisture from the Gulf of Mexico and blocking off the dry, cool continental air masses, the western regions experience milder temperatures, and vice versa. Therefore, if the mid-Holocene period was marked by sustained intrusion of the Gulf of Mexico air mass into the midwestern region, contrasting climatic conditions within the continental United States are indeed conceivable.
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